Objective To investigate the incidence of adrenal insufficiency (AI) in patients with spinal cord injury (SCI) with symptoms similar to those of AI and to assess the relevance of AI and large-dose glucocorticoids in SCI. Methods The medical records of 228 patients who were admitted to the rehabilitation center after SCI from January 2014 to January 2016 were reviewed retrospectively. Twenty-nine of 228 patients had persistent symptoms suspicious for AI despite continuous care for more than 4 weeks. Therefore, adrenocorticotropic hormone (ACTH) stimulation tests were conducted in these 29 patients. Results Twelve of these 29 patients (41.4%) with SCI who manifested AI-like symptoms were diagnosed as having AI. Among these 29 patients, 15 patients had a history of large-dose glucocorticoid treatment use and the other 14 patients did not have such a history. Ten of the 15 patients (66.7%) with SCI treated with large-dose glucocorticoids after injury were diagnosed as having AI. In 12 patients with AI, the most frequent symptom was fatigue (66%), followed by orthostatic dizziness (50%), and anorexia (25%). In the chi-square test, the presence of AI was positively correlated with large-dose glucocorticoid use (p=0.008, Fisher exact test). Conclusion Among the patients with SCI who manifested similar symptoms as those of AI, high incidence of AI was found especially in those who were treated with large-dose glucocorticoids. During management of SCI, if a patient has similar symptoms as those of AI, clinicians should consider the possibility of AI, especially when the patient has a history of large-dose glucocorticoid use. Early recognition and treatment of the underlying AI should be performed.
INTRODUCTION
www.e-arm.org illness, worsening the overall clinical outcome [1] . Symptoms can include hypotension, decreased responsiveness to fluid and vasopressor therapy, hyperkalemia, and hyponatremia. Secondary AI is the consequence of dysfunction of the hypothalamic-pituitary component of the hypothalamic-pituitary-adrenal (HPA) axis, and it most commonly occurs from exogenous steroid use; the risk of developing AI is strongly related to the dose administered [2] [3] [4] . It is important to diagnose AI correctly because its presentation can be subtle, and failure of sufficient cortisol secretion during periods of acute stress may result in life-threatening adrenal crisis [5, 6] .
Because it is difficult to recognize AI as the nonspecific nature of its symptoms is similar to that of spinal cord injury (SCI), AI in the presence of SCI presents unique challenges. For example, patients with SCI have an interruption of the efferent sympathetic activity that maintains blood pressure. This interruption combined with venous pooling, limited venous return and decreased cardiac output results in orthostatic hypotension [7] . The patients complain of weakness, weight loss and anorexia, which are also the symptoms of AI alone. Especially, in patients with SCI who have been treated with exogenous steroids, a higher level of suspicion is needed to recognize the underlying AI.
One study analyzed the incidence of AI in SCI patients, and there are a few case studies about AI in SCI patients after use of large-dose glucocorticoids. Pastrana et al. [8] reported that the incidence of AI in cervical SCI patients with neurogenic shock was 22% and the average basal cortisol was 9.3 mg/dL in patients with AI versus 29.2 mg/ dL in non-AI. However, to the best of our knowledge, a study assessing the incidence of AI in SCI patients with symptoms similar to those of AI is lacking.
Therefore, this study aimed to analyze the incidence of AI in SCI patients with symptoms similar to those of AI and to assess the relevance of AI and large-dose glucocorticoids in SCI. We also investigated the symptoms and signs which were manifested by SCI patients with AI.
MATERIALS AND METHODS
We retrospectively reviewed the medical records of patients with SCI older than 18 years who were admitted to the rehabilitation center from January 2014 to January 2016.
Through the medical records, we could note a history of steroid use in the emergency department. In patients transferred from other hospitals, we confirmed the history of steroid use through scanned medical records of the other hospitals or history taking.
We included patients who complained of at least one of the symptoms, signs and abnormalities of laboratory tests within 1 year from onset of SCI. Symptoms and signs in inclusion criteria were fatigue, weakness, orthostatic dizziness, weight loss, anorexia, refractory hypoglycemia (blood sugar levels below 70 mg/dL) [9] , low blood pressure (mean arterial pressure lower than 65 mmHg) [10] , bradycardia (a heart rate of less than 50 beats/min) [11] , postural hypotension (a fall in systolic blood pressure of at least 20 mmHg or in diastolic blood pressure of at least 10 mmHg when a person assumes a standing position) [12] , and hyponatremia (serum Na level below 130 mEq/ L) [13] that had persisted and not improved despite continuous care for each symptom like proper nutritional support, medication adjustment, applying compressive stocking or abdominal binder and physical therapy for more than 4 weeks. The exclusion criteria were (1) a history of hypothalamic-pituitary diseases, (2) steroid or adrenal-suppressive drug use before SCI, (3) severe medical conditions like sepsis, pneumonia and acute respiratory distress syndrome during the hospital stay.
Patients who had symptoms of AI underwent the adrenocorticotropic hormone (ACTH) stimulation test, a safe and reliable tool with an excellent predictive diagnostic value. A vial of cosyntropin 250 mg was given intravenously via a saline lock. Blood was drawn at baseline, 30 and 60 minutes after ACTH administration. Plasma cortisol levels were determined by radioimmunoassay. The cutoff value for AI was defined as cortisol levels of less than 18 mg/dL (500 nmol/L) in the sampled plasma at 30 and 60 minutes after ACTH administration. Basal serum cortisol measurements were not used to diagnose AI, because baseline cortisol levels may be coincidentally low due to the physiologic diurnal rhythm of cortisol secretion. Peak cortisol level was defined as the highest level of cortisol after ACTH stimulation. Once AI is confirmed, measurement of plasma ACTH is the next step, with increased or inappropriately low levels defining primary and secondary origin of disease, respectively.
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Statistical analysis
All statistical analyses were performed using the SPSS software program ver. 19.0 (SPSS Inc., Chicago, IL, USA). Independent t-test for continuous variables and chi square test for categorical variables were used. To deal with the small number of subjects, we used Fisher exact test. Statistical significance was set at p<0.05.
RESULTS
Two hundred twenty-eight patients were admitted with SCI during the study period. One hundred twenty of the patients treated with the 24-to 48-hour glucocorticoid regimen after injury.
www.e-arm.org 228 patients were categorized to the group treated with large-dose glucocorticoids after injury and the remaining 108 patients were categorized to the group not treated with large-dose glucocorticoids. Fifteen and fourteen patients in each group had symptoms suspicious for AI despite continuous care for more than 4 weeks. Therefore, ACTH stimulation tests were conducted in these 29 patients. Twelve of these 29 patients (41.4%) who had similar symptoms as those of AI met the criteria for AI on the ACTH stimulation test. In 12 patients with AI, the most frequent symptom was fatigue (66%), followed by orthostatic dizziness (50%), and anorexia (25%) ( Table 1) .
Fifteen of the 29 symptomatic patients had a history of treatment with large-dose glucocorticoids after spinal cord injury (Fig. 1) . The average basal cortisol was 6.77 mg/dL in the 15 symptomatic patients treated with largedose glucocorticoids versus 11.25 mg/dL in the 14 patients not treated with large-dose glucocorticoids. The average peak cortisol after ACTH stimulation test was 17.60 mg/dL in patients treated with large-dose glucocorticoids versus 20.80 mg/dL in patients not treated with large-dose glucocorticoids (Table 2) .
Among the 12 patients with AI, 10 patients treated with large-dose glucocorticoids showed low ACTH levels below the lower limit of the normal range (range, 10-60 pg/ mL). The other 2 patients also showed a positive response to ACTH stimulation test although they were not treated with steroid therapy after SCI. However, these 2 patients showed a relatively higher ACTH level (57.5 pg/mL, 59.1 pg/mL) ( Table 1) .
Among the 29 patients, the number of patients diagnosed with AI is shown in Table 3 . In chi-square test, we found a significantly high prevalence of AI in the group treated with large-dose glucocorticoids (10 of the 15 patients, 66.7%) compared with the group not treated with large-dose glucocorticoids (2 of the 14 patients, 14.3%) (p=0.008, Fisher exact test). www.e-arm.org
DISCUSSION
Although high-dose glucocorticoid administration after acute SCI is not currently recommended as the standard of care, 24-to 48-hour glucocorticoid regimen is still a treatment option after acute SCI [14, 15] . The prolonged use of glucocorticoids causes complications such as AI. However, a study assessing the incidence of AI in SCI patients treated with large-dose glucocorticoids suggested by the National Acute Spinal Cord Injury Study (NASCIS) trials is lacking. Accordingly, this study aimed to analyze the incidence of AI in patients with SCI with symptoms similar to those of AI and to assess the relevance of AI and large-dose glucocorticoids in SCI. To the best of our knowledge, the current research is the first study to identify the incidence of AI in symptomatic SCI patients treated with large-dose glucocorticoids.
The findings of our study suggest that a significant number of patients with SCI who manifested similar symptoms as those of AI were diagnosed as having AI (41.4%) and the prevalence of AI was higher in patients treated with large-dose glucocorticoids after SCI (66.7%). Pastrana et al. [8] reported that the incidence of AI in cervical SCI patients with neurogenic shock was 22%, which is much lower than that in our study. One explanation for this result is the difference in diagnostic criteria for AI. In our study, the cutoff for failure was defined as cortisol levels of less than 18 mg/dL sampled at 30 and 60 minutes after ACTH stimulation. However, in the study conducted by Pastrana et al. [8] , AI was defined as basal cortisol levels less than 15 mg/dL in the presence of neurogenic shock. Another explanation is that steroids for treatment of SCI were not administered as part of the spinal cord protection protocol in that study because of the long-term complications. Therefore, these differences in diagnostic criteria and subjects might have affected the incidence of AI.
AI can easily be overlooked in SCI as similar nonspecific symptoms occur frequently after SCI. Most of the symptoms of cortisol deficiency such as fatigue, weakness, orthostatic dizziness, weight loss and anorexia are nonspecific [16] and usually occur similarly after SCI. AI should be suspected based on the presenting symptoms. In our patients with AI, the most frequent symptom was fatigue, followed by orthostatic dizziness and anorexia. Identifying the presence of AI in patients with SCI is important because its symptoms such as hypotension, weakness and lethargy can easily be mistaken for other diseases. Unless many patients with SCI who have AI are diagnosed, there is a possibility that they might be treated inappropriately. In our hospital, patients with symptomatic AI were treated with hydrocortisone in the early morning and afternoon. The usual initial dose was 25 mg of hydrocortisone (divided into doses of 15 and 10 mg) or 37.5 mg of cortisone (divided into doses of 25 and 12.5 mg), but the daily dose was decreased to 20 or 15 mg of hydrocortisone. The goal was to use the smallest dose that relieves the patient's symptoms of AI in order to prevent weight gain and osteoporosis. After use of hydrocortisone, the patient's well-being, symptoms of AI and physical strength were improved.
In our study, 10 patients who were treated with largedose glucocorticoids after SCI and were diagnosed with AI showed low ACTH levels below the lower limit of the normal range. Based on this fact, we could determine that suppression of the HPA axis had occurred in these patients. On the other hand, 2 patients were diagnosed with AI although they were not treated with steroid therapy after SCI. In comparison with 10 patients with a history of large-dose glucocorticoid use, 2 patients showed a relatively higher ACTH level. This suggests that the cause of AI might not be secondary origin like exogenous steroids in these 2 patients who were not treated with steroid therapy.
Lipiner-Friedman et al. [17] reported that impairment in adrenal reserves had been documented in chronic SCI patients. It is also well documented that neuroendocrine changes can occur after SCI, although most of these hor- Fisher exact test.
www.e-arm.org monal secretions are regulated by feedback systems external to the spinal cord [18] . However, there is little evidence that SCI by itself can cause AI [19] . It is well known that administration of exogenous steroids in SCI has the potential to suppress the HPA function. Case reports demonstrated that only 24 hours of high-dose steroids predisposes persons to secondary AI [1] . Therefore, these studies support our findings that glucocorticoids administered may be temporally associated with the development of AI, after other causes like primary adrenal diseases and adrenal-suppressive drug use were eliminated. Although the definitive cause of AI in SCI patients remains unclear, we found that the use of glucocorticoids may be associated with the development of AI. In spite of clinical glucocorticoid use in patients with acute SCI, empirical evidence on the management of SCI is lacking. The use of methylprednisolone administration in the treatment of acute SCI is not proven as a standard of care, nor can it be considered a recommended treatment. Evidence of the drug's efficacy and impact is weak and may only represent random events [14, 15] . Despite these facts from research, 24-to 48-hour glucocorticoid regimens suggested by the NASCIS trials II and III [20] [21] [22] [23] are treatment options and frequent components of SCI management [24] . Regarding the high incidence of AI and suspicious effects of steroids, a high level of suspicion is needed to recognize the underlying AI in patients with SCI who have been treated with large-dose glucocorticoids.
Our report also has some limitations. First, the sample size was relatively small. In addition, we included only those patients with SCI who had persistent symptoms suspicious for AI and they were not representative of the general population of SCI because we could not perform the cosyntropin test in asymptomatic patients. Second, data on steroid dose and treatment duration was not collected; thus, we were unable to correlate steroid dose and duration with the incidence of AI. Further studies to verify the incidence of AI and its complications in larger cohorts along with studies on the underlying pathophysiology are needed.
In conclusion, among patients with SCI who manifested similar symptoms as those of AI, high incidence of AI was found especially in patients treated with largedose glucocorticoids. To the best of the authors' knowledge, this is the first study to investigate the incidence of AI in patients treated with large-dose glucocorticoids after SCI. During management of SCI, if a patient has refractory symptoms like fatigue, orthostatic dizziness and anorexia, clinicians should consider the possibility of AI, especially when a patient has a history of largedose glucocorticoid use. Early recognition and treatment of the underlying AI should be performed to prevent lifethreatening conditions.
